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Program Team — “Best of Boeing” (L BOEING ooy

Puget Sound @
* Flight Sciences

. eco
Systems ngonstrator
» Structures —~

* Propulsion Integration

* Product Development

* Airspace Operational Efficiency
* Flight Test, ecoDemonstrator

Huntington Beach

* Structures
* Flight Sciences

* Boeing Sites, Team
» External Collaborations
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Global Technology
Madrid
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» Manufacturing
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» Structures T
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 Structures
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Projects & Benefits (L BOEING oo @

Quiet Quiet Next Generation Intelligent Sustainable
Landing Gear High-Lift Inlet Operations Aviation Fuels

Vortex

\ Generators

Landing Gear N
Doors =l

Shields \\\\\Generators

TeChnOIogy Generators
* Acoustically Treated Main » Outboard Flap Side Edge * New Structural Architecture * Noise-Optimized Flight » Higher Performing Blends
Gear Doors Fairings * New Ice Protection System Paths * Drop-in Compatibility
 Perforated Strut Shields » Outboard Flap Vortex » Maximize Acoustic Treated * Leverages Existing » Support Scale-up
Generators Area Capabilities
Imoact Reduce Reduce Reizizlgglrivrnfnr;?”;\leji’se Reduce Community Noise, Reduce Fuel Burn,
P Community Noise Community Noise y ’ Fuel Burn Emissions
Fuel Burn
, 3-5 peak dBA
Benefits / Up to 0.5 EPNAB Up to 0.5 EPNAB 1.5 EPNaB 2% Take-off Block Fuel 2%-3% Block Fuel
Metrics 2.0% Block Fuel o
5% Approach Block Fuel
Projected : : Community Noise, Community Noise, .
Fleet Red”‘;ziig ggn‘t’glﬂ’s““”'ty Red”‘;ziig ggn‘t’glﬂ’s““”'ty 82M Metric ton, CO2 28M Metric ton, CO2 2950“":;"352%;?}“ coz
Impact reduction reduction
" 2030, 2035 2030, 2035 : 2030, 2035 2030, 2035
Transition Retrofit Retrofit 2030 (partial) , 2035 Retrofit Retrofit
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Technology Transition (\ BFOEING oo

Boeing Product Development leveraging CLEEN Il technologies
* New Products and Retrofit

Acoustic lining designs

Low speed / high lift configuration

Nacelle acoustics and ice protection approach

Advanced lower noise landing gear and flap systems

Advancing/Refining/Validating noise prediction tools and design practices

Near-term capabilities/services aligned with FAA NextGen and DataComm

Maturing fuel system component readiness to enable low aromatic fuels — SAF compatibility

CLEEN Phase Ill Technologies aligned with Product Strategies and Sustainability Vision
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EcoDemonstrator Program History ~ 250 projects

2012: 737-800 2014: 787-8 2015; 757 2ol orar a1y

2020: 787-10 2021: 737-9

N —— €co
_ Demonstrator

\ 1“* ;"'.'?. = e = —— _ PROGRAM

CLEEN Phase Ill Program leverages successfully proven ecoDemonstrator Program




Program Summary — 737 ecoDemonstrator @;ﬂﬂflﬁﬂ e GEN @
Today 737 & 787
ATP ] Flight Demos Final Report
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* Quiet High Lift
* Intelligent Operations

Analysis /

> Fab / Assembly Reporting

Next Generation Inlet
Intelligent Operations

Analysis /

Fab / Assen Reporting

bly Flight

J

— e e e e e e = - - -—— - P e o o o e e o o e - - -
\}
N
'\
= e
o
S {
& = &
o 2 "
9 8 -
' |
R
- 1
i
s
)
[ ]

Copyright © 2024 Boeing. All rights reserved. 7



Quiet Landing Gear (QLG)
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Objective:  Develop landing gear (airframe) technologies to reduce aircraft noise at approach

Recent Accomplishments:

8 I.:.1.I

Landing Gear Shields

(Nov — May)
Detailed Fabrication
Desig Assembly

Door pocket inserts and
Acoustic core

Flight Reportin
Testing = e

Acoustic Face Sheet

N

Strut
Shields

Landing Gear

Doors

New Phased Array

Lookahead:

Complete Fabrication & Assembly
Flight Testing
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Quiet High Lift (QHL) (L OOEING o ()

Objective: = Develop outboard flap (airframe) technologies to reduce aircraft noise at approach

Recent Accomplishments: (Nov — May)

Conceptual Preliminary Detailed N Fabrication
Design Design Design Assembly

Flight Reportin
Testing - e

ntegrated SPL (9B)

CFD/CAA
Pre-Test Predictions Complete

Controlled VG’s (SMA) Fairing Components lefga?:lg?:l ?/%rlsng-

Lookahead: Complete ngricatiop & Assembly
Flight Testing

Copyright © 2024 Boeing. All rights reserved.



Intelligent Operations (10) (L BOEING oo

Obiective: Develop aircraft operational noise reduction technology to reduce aircraft noise at
—IEEIE:  {oKke-off & approach

Recent Accomplishments: (Nov — May)

Initial Design Testing & Flight

Design Validation Refinement Testing Reporting

TA Gatoway Middie | [ Population Density - People/km2

Ay ok Middle [E=0-10
BsHazetwood Elementary 1020

ByBrier Elementary School

BKenmore Middle
Initial En Route Services

[cy 16 18 20 24 26 28 30 35 40]
Altitudes (Inital)
‘Speeds (Initial) In Deployment
Controller Initiated Reroutes (nital) /D
Segment 1 Phase 2 Pilot Inifiated Downlinks (Ini
-En Route Services | Impacted ntroller Infiated Routes (Full)
o By COVID Direct-to-Fix (Full)
Microphone array parallel Crossing Restrictions (Full) - -
First| 1t in Depl it
to 07MT runway Full En Route Services Speeds (Full e Ement In Beploynon

B < Deparie Grance [_oopioyment to 65 Towers Compee |
§ e Soreion <> Departure Clearances (DG Deployment to 65 Towers Complete
Crossing Restrictions (lnitial) (COVID-19 has impacted schedule)
Advisory Messages (COVID-19 has impacted schedule)

<> Transfer of Communications / Inifial Check-n
HAWKZ7 points Altimeter Settings
aligned at runway O
Airbome Reroutes / Go Button
Holding Instructions

OHHEGE! 48 1
S BMcCilire Middle
Pilot Initialed Downlink (Full)
Altitudes (Full)

—_—

—
0 Deferred from Full Services
Not Baselined + Adapted Arrivals, Stuck Mic, Beac

TBO Increments / Services

Candidate Enhanced FANS Services * It 40 Trsetory Management
o P
¢ It Tatored o Exploration

DIHETHR 3000 - 4000
»Ringdall Jr High E=3>4000

* Moniors

& waypaints
55 LAMAX
| B39M HAWKZ7 (20842842)
8739 MARNRY (30062147)

o TNC-initiatedReroutes (AFST
Infrastructure *Initial Aircraft Intent (ADS-C)
- Applications Future Air Navigation System (FANS) AFN & CPDLC

/'O - Networks FANS over ACARS

- Subnetworks VDL Mode 0/A and VDL Mode 2

T ic RNP
Segment2 InR&D
- Advanced Services i -

ored Arrivals
Infrastructure gattntent (EPP.

- Applications. B2 CM, CPDLC & ADS-C
B2 over [P 2

Altitude and Speed
constraints from playbook

8739 MARNRY (29969296)
8739 MARNRY (29975301)
+FANS overIPS 8739 MARNRY (29980422)
8739 CHINS4 (29927521)
8739 CHINS4 (29943144)
8739 CHINS4 (29967878)
8739 GLASR1 (30170939)

8739 GLASR1 (30069325)
| 8739 HAWKZ? (30130942)

+ - Networks
SONDR

~ : FAA Data Comm Procedure Optimization Noise Impact
LY Dliefp £ — ClEegon FlEht: st Coordination & Pilot Simulations Assessments

Lookahead:

Flight Testing
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Program Summary — 787 ecoDemonstrator @;ﬂ’ﬂflﬂﬂ Nex{GEN @

737 & 787
Flight Demos Final Report

Vv \Y%

Today
ATP -

v

* Quiet Landing Gear
* Quiet High Lift
 Intelligent Operations

Demonstrator

Analysis /
Reporting

Fab / Assembly Flight

* Next Generation Inlet
 Intelligent Operations

Demonstrator
PROGRAM

gy
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Next Generation Inlet (NGI) N woEING o )

4

Viation

Develop inlet (engine) technologies to reduce noise at take-off and approach and

e address reduced-length inlet integration challenges of UHB engines
Accomplishments: (Nov — May)

Conceptual Preliminary Detailed Fabricati@n Flight .
. - - i Reporting
Design Design Design Assemb Testing

CLEEN Il - NGI Team
(Boeing, Aurora, Hexcel)

Hexcel — Acoustic Core .
Acoustic Inner Barrel

Post-cure inspections in Autoclave

Complete Fabrication & Assembly

Lookahead: Flight Testing

Copyright © 2024 Boeing. All rights reserved.
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Sustainable Aviation Fuels (SAF)
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Objective:

SAF compatibility

Mature fuel system component readiness to enable low aromatic fuels —

[ ,!._.‘Uu. e

Accomplishments (May — Nov):

CLEEN Phase lll Sustainable Aviation Fuels Project:
UDRI Phase 1 Test Report

Copigh 202 B

The Boeing Company
Box 516, MC S102-206,Sin Lo, MO 63166

Phase 1 Test Report

(Nov - May)

(o EING, =

Switch Loading

25 i i Summary of the overall compressive stress
. N3 12
* ,; & -
o
20 + — —— 10 — -
- - g - ; .__ _;_d__ __ _ s
4] 0.8
® . a8 o * K
- * * %
é 2 * g 05+
8 Ty ;
§ 10 % o
% 04
NOE02 ®
5 Jat&_4 —— JetA_16
e} 02 e CPK
JetA_25 - .- CP¥K_60
* et A_25/4 SPK
o 00 T T T
0 5 10 15 20 25 30 o 500 1.000 1,500
Exposure Time, weeks Time, hour
Phase 1 Phase 2

Thermal Cycling

Lookahead:

Complete Phase 2 Lab Test Report — 3Q24
Final Report — 4Q24
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SAF Test Program Overview, Phase 1

Material Selection

Nitrile Rubber O-rings

Compression set fixtures designed to constrain O-rings in a model gland to
mimic the conditions of an internally pressurized seal and produce aged

samples

Copyright © 2024 Boeing. All rights reserved.

Baseline Testing

Establish Material Properties

gj_ﬂaflzva L GEN @
b

Accelerated Aging Accelerated Aging
Steady State Switch-Loading

Measure Compression, Measure Compression,
Compression Set, Volume Swell Compression, Set, Volume Swell
Varying Test fluids Switch-loading between Test
(Jet A w/25% to 4% aromatics) fluids (high/low aromatics)
Exposure duration: Exposure duration:
~ 25 weeks at 160°F ~ 25 weeks at 160°F

Recondition to eliminate fuel
matrix effects Recondition to eliminate fuel
matrix effects

Aged Seals
Aged Seals

Exam Material Properties _ _
Exam Material Properties

Results presented in Phase 1 Test Report — Available to the public
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SAF Phase 1 Report

https://www.faa.gov/about/office _org/headquarters_offices/apl/eee/technology saf operations/cleen

2 United States Department of Transportation

Federal Aviation
Administration

Policy, International Affairs and
Environment

Office of International Affairs

Office of Environment and Energy >

Key Officials

Contact Us

Aircraft  Air Traffic Airports

Home / AboutFAA / Offices / Policy, International Affairs and Environment

Continuous Lower Energy, Emissions, and Noise (CLEEN)

Program

The Continuous Lower

About Jobs News Search Q

Pilots & Airmen Data & Research Regulations Space Drones

Energy Fmiccinng and Maica (CIFER Drogram | inal envirnnme

4

@ﬂﬂflﬁﬂ Nex(GEN

accelerate the develop
Through the CLEEN Prqf
industry to expedite inf]
aircraft. Technologies d
emissions, and use less|
Generation Air Transpo
growth.

icthe EAN'C nrine] w1l nial offnrt to
Rolls-Koyce Low NUX Lombustor Final Keport

» Alternative Fuels Reports
e GE Sustainable Aviation Fuels Final Report

o Rolls-Royce Sustainable Aviation Fuels Final Report

CLEEN Phase Ill Final Reports

hative Fuel Reports o

o Boeing Sustainable Aviation Fuels Project - UDRI Phase 1 Lab Test Report

onsortium Meetings -

* Nowvember 2023 Consortium Meeting
o FAA Office of Environment and Energy R&D Overview

o America's Phenix Briefing

o Boeing Briefing

o Collins Aerospace Briefing
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The Boeing Company
Engineering Test and Technology
Boeing Research and Technology

CLEEN Phase lll Sustainable Aviation Fuels Project:
UDRI Phase 1 Test Report

FAAMBoeing Continuous Lower Energy, Emissions, and Noise (CLEEN)
Phase Il Technology Demostration Program

Cooperative Agreement # 693KAY - 21 - T - 0001
Movember 3, 2023

Prepared for:
Arthur Orton
CLEEN Phase lll Program Manager
Federal Aviation Administration
800 Independence Ave, SW.
Washington, DC 20531

Contracts Administrator: Adam lwanow
Phone Mumber: {314) 451-8270
Email: adam.m.iwanow(bosing.com

Presented by:

llya Kosilkin (P1) Phone Mumber: (425) 230-0481  Email: ilya.v.kosilkinfiboeing.com

Copyeight € 2023 Bosing

The Boeing Company
PO Box 516, M/C $103-067, Saizt Louis, MO 63166

15



Thank You

iRk ANl rights=resen 16



Acro nyms ELOEINL - GEN

ATP Authority to Proceed

CAA Computational Aero-Acoustics

CFD Computational Fluid Dynamics

dBA Decibels, A-weighted

EPNdB Effective Perceived Noise, Decibels
SAF Sustainable Aviation Fuel

SMA Smart Memory Alloy

UDRI University of Dayton Research Institute
UHB Ultra High Bypass

VG Vortex Generators
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